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I. Advanced Cry/am TPE

P A. Synthesis of Crystalline Segment - poly D/T
Polytrioxane/dioxolane with different T, (T, = 48.39, 73.19,
b 98.59 and 139.16°C) have been synthesized by using toluene as the
j solvent (Fig. 1 - 4). The compositions of P D/T (T, = 48.79,

y 73.19 and 98.59°C) were measured by 'H NMR (CDC1l,): trioxene

N content increased from 0.41 to 0.65. The molecular weights of

these poly D/T were determined by Karl-Fisher method (LAH in
0]

| ) as 2000 ~ 25000. P D/T (T, = 139°C) is insoluble in common
0

solvent, therefore, its composition was determined by solid C
NMR: T/D = 0.748/0.252.

. Different solvents have been used instead of toluene. It was
- found that CHCl,; is suitable for this reaction, the yield of P

> D/T (T, = 100°C) increases from 5% (toluene as solvent) to 35%.
;2 B. Fractionation of poly D/T

!f Poly DT #32 from Olin Company was not homogeneous. Three

> sampling gave three different DSC traces with different area

jg ratios of low melting to high melting components. A vareity of
solvent have been tried to fractionate those two different

. melting ranges, and halogenated solvents are much better than

‘ﬁ common organic solvents. The soluble fraction from chloroform

f has two T, peaks 85, 105°C. Fraction soluble in methylene r

5 chloride and dichloroethane showed one T, at 85°C. 0
E Tetrachloroethane soluble materials showed rather wide range of, []
’ melting behavior. Comparison of the soluble fractions from ';,E
£

methylene chloride and dichloroethane at 50°C showed the former ’




:J, to possess higher melting fraction than that of the la*tter

B

::§ fraction. Compairson of the soluble fraction from dichloroethane
%)

R at 50°C and 64°C showed the latter to be higher melting fraction

than the former.

- C. Pyrolysis of PDT

§< Methylene chloride soluble fraction showed that it was very
‘#: stable. A very minor weight loss was observed around 270°C with
;ié significant weight loss beginning at 400°C. 1In the presence of
?ﬂ ethyl naphthalene sulphonate as latent acid. A significant

= weight loss was observed around the decomposition temperature of
3; ethyl naphthalene sulphonate. For the protonic acid as p-toluene
4€$ sulfonic acid. The PDT started to decompose by 100°C.

5;- D. Synthesis of Cry/am TPE

:EE PD/T and P4MeDOL were coupled by MDI to form polyurethane

t:* (PU). The product is a light yellow elastomer. This reaction
ﬁf: can be monitored by IR. The intensity of isocyanate peak (2270
;% cm™!) decreases and a new peak at 3300 cm~! (N-H stretch) appears
~?‘ indicating the formation of urethane block. DSC results showed

Uy

good phase separation behavior, the melting transitions of PU are

P

the same as PD/T, even at very low hard segment (PD/T)

h )
. "
RO

composition 10 wt %. This result was also proved by polar
microscopy. All the PUs thus made are acid sensitive, TGA
results showed that PU started to decompose at 286°C and wt lost
was 87% during 420 - 480°C. If toluene sulfonic acid (5 wt %)

was added, it started to decompose at 99°C and wt lost was 78%

during 99 - 178°C.
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II. Advanced Liquid Crystalline TPE

A. Twin LC TPE

Liquid crystalline polymers have been synthesized with PTHF

soft spacer for

o) 0 0 o)
NS Ve Ve
CqHg0<  -C-0-'  -C-O-(THF),-0-C{ o~ ~0C  H,
\\__.«/ ‘*———/v \\——/ —/

Ia n=28.8 MW = 1232
Ib n = 13.6 Mw = 1592
Ic n = 28 MW = 2592

The structure of the polymers were identified by IR of NMR-200.
The 'H NMR results for the polymers are:
§ 1.00 ppm (CH;), 1.61 (butyl Hy), 1.84 (butyl HB), 3.44 (THF
CH,), 4.06 (butyl H,), 4.35 (CH, ester), 6.99 (3.5-
oxybenzoate), 7.30 (3.5-oxybenzoate), 8.13 (2.6-oxybenzoate).
The molecular weight of the polymers can be calculated by

integrated ratios.

Transition temperature of the polymers from DSC) are:

T, °C T; °C
I, 28 50
I, 25 60
I, 24 55

The mesophase can be observed on polarizing microscope between T,

and T;.




Thermodynamic parameters

AH AH AH Mesogen
T, (°K) MW cal g~! cal M~! cal M~! k! Wt %
I, 323 1232 0.34 419 1.3 50
I, 333 1592 0.22 350 1.05 38
I, 328 2592 0.05 130 0.40 23

B. Segmented LC TPE
(1) Objective
To prepare a series of polymers with liquid crystalline hard

segments and long flexible spacers.

I ) pmen
) A
L.C. moiety Flexible
spacer

(2) Results and Discussion

In the previous report a series of polyesters were reported
that contained two ring azo and azoxy benzene moieties. None of
these polymers exhibited liquid crystalline behavior. The
inability of these materials to form a mesophase could be due to
inefficient phase separation. One way to overcome this would be
to increase the length of the mesogen. Two methods are being
explored to prepare these polymers. The first calls for the
preparation of a functionally endcapped prepolymer. This
material can then be polymerized with a number of aromatic
dicarboxylic acid chlorides.

The second method enlists chain extension polymerization




techniques. Here short spacers, butanediol (BDO) for example,

are used to link together the mesogenic units.

(3) Preparation of Endcapped Prepolymer

The endcapped functional prepolymer was prepared by reacting
poly THF 650 with three equivalents of p-benzyloxy
benzoylchloride in pyridine.

A number of debenzylation were investigated to reveal the
functionalized material. Here only catalytic hydrogenation gave

satisfactory results.

Reaction Scheme I

;f  Preparation of functionalized endcapped prepolymer.

0
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This endcapped material has been characterized by 'H NMR, IR
and thin layer chromatography and is greater than 95% pure. When
the L. Kely impurities are monodebenzylated material.

This material will e polymerized with aromatic and aliphatic
diacid chloride and investigated for liquid crystalline

properties.

(4) Multiple Rings Joined by Short Spacers
Here two polymers have been prepared using azobenzoyl
chloride as the hard segment, butane diol as the chain extender

and poly THF as the soft segments. These results are in Table 1

Table 1
Polymer Soft Segment T.P.E.? L.C.
1 Poly THF 650 No ?
2 Poly THF 2000 Yes ?

III. Cationic Copolymerization of 2-Butyl-1,3-Dioxepane with 1,3-

Dioxolane

Copolymerization of 2-butyl~-1,3-dioxepane (Bu-DOP) (A) with
1,3-dioxolane (DOL) (B) was studied with borontrifluoride
etherate (BF,'OCC,H;),) as initiators. It was followed by
determining the unreacted monomers by means of gas-
chromatography. The time-conversion curves in Fig. 1 and Fig. 2
showed that preferential polymerization of 2-butyl-1,3-dioxepane

occurred. In the case of the copolymerization of 2-butyl-1,3-
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b2, dioxepane and increased, the polymerization of dioxolane

>
.$ Y
Y gradually slowed down. At this stage the concentration of
, i
Al unreacted Bu-DOP and DOL monomers were 2.8 ~ 3.0 and 4.0 ~ 4.3
Ei‘ mol/l, which is considerably higher than the equilibrium monomers
e
L concentrtion of Bu-DOP and DOL were 1.87 and 1.56 mole/l at -
:S- 10°C. The 'H-NMR spectrum of one of the copolymer shown in Fig.
_;t 3 presents six resonance signals centered at 0.87, 1.29, 1.60,
ﬁ;ﬁ 3.39, 3.56 and 4.42 ppm from TMS, which the composition of the
Lo

copolymers were obtained from the intensities of the resonance at

}{ﬁ 3.39, 3.56 and 4.42 ppm. The results are listed in Table 1. A
eﬁﬁ set of copolymerization with varying monomer compositions were
'}% made at lower conversion. The experimental results given in

.(j Table 1 were used to obtain the composition diagram shown in Fig.
4. The values of the reactivity ratios calculated by the
Fineman-Ross were r, = 2.13 * 0.05 and ryz = 0.09 + 0.05 at -10°C.

The isolated copolymers were measured DSC analysis with

varying monomer compositions in Fig. 5. The T4y should vary with

s

v
H

composition as shown in an expression by Fox equation, which the

Y

>,
'ﬁ; values (T,) were agreed of these calculated and experimental
:J"
(i? quantities.
N
ff’ The higher reactivity of 2-butyl-1,3-dioxepane as compared
‘ﬁgﬁ with dioxolane agree with the higher basicity and propagating
o
;:i' species.
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Figure 1. Typical steady shear viscosity curve for a filled polymer

: melts (solid curve). Dashed lines show the contribution of each term in
SR Egn. (2).
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B. Rheology of Triblock Copolymers

Our program to investigate the effects of flow on the properties
of triblock copolymers consists of two parts - evaluation of the
rheological impact, and determination of the induced morphological
changes. The results of the rheological study have been reported
earlier, and work has begun on the second phase. In determining the
effect of flow on the morphology of these materials, it will also be
possible to understand more clearly the flow mechanism involved.

Two principle methods have been used to determine the morphology
of a particular styrene-butadiene-styrene triblock copolymer:
transmission electron microscopy (TEM), and small-angle x-ray
scattering (SAXS). This report will concentrate on the SAXS results.

SAXS data was taken at the National Bureau of Standards in
Gaithersburg, MD in order to use their 10m SAXS camera and software.
Also the two-dimensional camera available there allows the detection of
the entire scattering area, not just sections. This is very useful for
measuring the scattering patterns of oriented materials as they will

be anisotropic.
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The results from the initial study show that as the shear strain
LA, is increased on the sample, the primary scattering peak due to the
oy fundamental spacing of the cylinders on a hexagonal lattice becomes

- stronger. This is due to a more perfect alignment of the cylinders in
- the flow direction as strain increases. Preliminary quantitative

analysis shows that the lattice parameter has a value of 278 A which

with an overall polystyrene volume fraction of .26 corresponds to

., g
ik My A S
.
PR 2Py

5
‘1" A

I

cylinders of diameter 150 A. A form factor peak occurring at higher

angles is also consistent with a diameter of this magnitude (149 A).

]
Idls

The initial results from TEM show a slightly smaller diameter (133 A).
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V. Prediction of the Mechanical Behavior of Particulate Composites
Introduction

Y The energy balance type of approach to modelling the
debonding behavior of highly filled composites such as
propellants described in earlier reports is being more fully
developed. This approach equates the change in strain
energy of a sample during debonding to the work necessary to
create new surfaces on the debonded particles. The
predictions appear to be fairly accurate for isotropic
composites with spherical filler particles. The
experimental phase of the project is progressing. All of
the apparatus for the experiments is now functional, and the
preparation of samples is commencing. Comparisons of
experimental results to model predictions will be

forthcoming.

Experimental

" A high-pressure gas dilatometer has been constructed
and was recently tested for the first time. This instrument
concurrently measures stress and volume changes which occur
in a sample during uniaxial extension. Superimposed

hydrostatic pressures of up to 1000 psi may be used. It
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ﬁy appuars to operate properly, and 1s seustive to small
O A
. changes 1in pressure and load. Atmospheri~ testing of

SN samples 1s scheduled to begin imrmediately. Sume problems
-f_:u‘

‘k; have been encountered 1n altering the existing software t«

¢ 0
e
;5 werk on the lab's new Zenith computer system, but are
]
if expected to be solved soon. The instrument is fully
Pl
:l operational with the IBM AT software and the data collection
h.‘:ut

o w1ll begin with that system.
aop Preparation of samples is proceeding very successfully.

vi:i The bulk synthesis of polyurethane from tolylene 2,4-
‘G
ﬁ}; diisocyanate and diols or triols of poly (propylene oxide)
1
qu to form void-free samples was accomplished after some
Hﬁ trouble. Side reactions with water produce carbon dioxide
) ."..J )
"}} bubbles throughout the samples. The entire reaction must be
{ - carried out under vacuum and the cast samples must be
.0
s immediately transferred to a dessicator in order to produce
'f_-'
- . . . .
e void-free samples. The optimal isocyanate content for the
:) reaction was determined. Composites of polyurethanes with
A4
.\ .
;:Qj up to 10 percent by volume glass beads have been made easily
S
ﬁﬁ: in small scale glassware. Larger batches of more highly
-
a~
filier systems have been attempted using the Baker-Perkins
-f L "
AN . . .
ﬂ;c hi1gn-shear mixer purchase‘'by Dr. Winter with LOVA funds, and
» (] ? ‘
NS iapp~oar tc yvield good results.
hal
. L
— Theoretical
}ﬁf The models described in earlier meetings are being
VO further developed. Current work 1s focusing on determining
»y the proper void volume to add to the sample after debonding
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in order to predict reasonable values of dilatation.

Progress is good, and the results will be presented at the
September meeting of the Polymer and Materials Science and
Engineering division of the American Chemical Society. A
paper describing the derivations and the model predictions

Wwill soon be submitted for journal publication.
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